thy. In a second arm of the study, we sought to assess the incidence of the Hoffmann sign in patients presenting for symptoms related to the lumbar spine but without any symptoms of cervical myelopathy and to assess how a positive sign in this setting correlated with actual imagingdocumented spinal cord compression.
Methods
We retrospectively reviewed the medical records of all patients who underwent decompressive cervical spine surgery from January 2003 though December 2006 for myelopathy due to cervical spondylosis, ossification of the posterior longitudinal ligament, or disc herniation. All surgeries were performed by a single neurosurgeon at an academic tertiary referral center. Inclusion criteria were the presence of objective findings and/or symptoms consistent with upper motor neuron dysfunction due to cervical cord compression and MR imaging or CT myelography demonstrating cervical cord compression. Patients with cervical radiculopathy and no signs and/or symptoms of spinal cord compression were excluded, as were those with a history of cerebrovascular accident or other cranial pathological entities. Information compiled included age, sex, and symptom duration, the presence of hyperreflexia, and the presence of the Hoffmann and/or Babinski sign. As a measurement of the severity of myelopathy, we calculated the mJOA scale scores 3 (Table 1) . In a second stage of the study, we prospectively studied the incidence of the Hoffmann sign in all new patients seen in an office consultation in 2006 presenting with complaints exclusively of either low-back pain and/or symptoms of lower-extremity pain or paresthesias. Patients with a history of cranial or cervical spine disease were excluded. If the Hoffmann sign was present unilaterally or bilaterally, a cervical MR image was obtained and assessed for evidence of cord compression by 1 of 3 attending neuroradiologists as well as by the ordering neurosurgeon. Imaging findings were only considered positive for cord compression if there was agreement between the 2 assessors. Spinal cord compression was defined as deformation of the cord contour in a manner more significant than mild ventral flattening, corresponding to Grade 2 or 3 on the scale created by Singh et al. 12 A positive Hoffmann sign was considered present if flexion of the distal interphalangeal joint was noted on either thumb or index finger in response to sudden, downward flicking of the middle fingernail.
Commercially available software (Graphpad Prism 4, Graphpad Software, Inc.) was used to generate descriptive statistics and to analyze subgroups. The Mann-Whitney Utest was used to compare the mJOA scores in patient subgroups with a positive Babinski sign and positive Hoffmann sign.
Results
There were 225 surgically treated patients-125 men and 100 women whose mean age was 57.4 years (range 33-88 years). Single-level surgeries were performed in 115 cases, whereas in 110 cases multilevel surgeries were conducted. The anterior approach was used in 179 patients, the posterior in 42, and the combined anterior-posterior in 4. The specific levels treated are shown in Table 2 .
The Hoffmann sign (bi-or unilateral) was present in 154 (68%) of 225 patients, hyperreflexia in 135 (60%), and a Babinski sign in 75 (33%). The mean mJOA score in patients with a positive Hoffmann sign was 11.4, higher than FIG. 1. Artist's rendition of the maneuver used to elicit the Hoffmann sign. A and B: The patient's hand is supported by the examiner while the patient's middle fingernail is snapped downward. A positive response is indicated by flexion of the distal phalanx of the neighboring fingers and/or thumb. C: The underlying mechanism of the response is thought to be related to that behind exaggerated deep tendon reflexes-blunting of the descending inhibitory influence from fibers in the corticospinal tract, which causes an exaggerated reflexive contraction of neighboring motor neurons due to direct synaptic connections from Group I sensory fibers as well as synaptic connections mediated though interneurons. DRG = dorsal root ganglion; n = neuron. the mean of 9.6 in those with a positive Babinski sign (p Ͻ 0.0001). The mean mJOA score was also higher in the group with a positive unilateral Hoffmann sign than in the group with a bilateral Hoffmann sign (12.8 vs 10.8, respectively) (p Ͻ 0.0001). In patients with less severe degrees of disability corresponding to mJOA scores of 14-16, the Hoffmann sign was present in 46%, whereas the Babinski sign was documented in only 10%; in those with severe myelopathy and mJOA scores of Յ 10, the Hoffmann sign was present in 81% and the Babinski sign in 83% (Fig. 2 ).
An abnormal spinal cord, indicated by T2 signal intensity on MR imaging, was seen in 61% of patients. The mean mJOA score in patients with T2-weighted signal change was 11.3, significantly less than the 13.0 in patients without cord signal change (p Ͻ 0.001). A Hoffmann sign was found in 76% of patients with T2-weighted cord signal change but in only 51% of those with a normal T2 signal. The mJOA scores of various patient subgroups are summarized in Table 3 .
The incidence of the Hoffmann and Babinski signs did not vary with age, sex, symptom duration, or the spinal level of cord compression. No statistically significant difference in the mJOA score was found between groups when comparing anterior and posterior surgical approach or single-and multilevel surgery.
In the prospective portion of the study, 617 new patients were seen. Of these, 290 presented exclusively with lowback or lower-extremity related complaints. Of these, 36 (12%) had a positive Hoffmann (25 unilateral and 11 bilateral). Thirty-one patients consented to undergo cervical spine MR imaging. In the bilateral subgroup 10 (91%) of 11 had spinal cord compression, whereas in the unilateral Group 10 (50%) of 20 had similar imaging findings (Figs.  3 and 4) . These findings are summarized in Table 4 . Of the patients in whom imaging findings were positive for spinal cord compression, 3 developed symptoms of myelopathy and underwent surgery within 12 months.
Discussion
In the medical literature, the preoperative evaluation of patients undergoing cervical spine surgery typically focuses on myelopathy scale scores such as the Nurick grade or mJOA scale as well as on the presence of neck pain, but few studies have provided detailed information on the specific findings of the neurological examination, such as the incidence of various signs of myelopathy like the Hoffmann sign, hyperreflexia, and the Babinski sign. Among 225 patients surgically treated for cervical myelopathy at our institution, we found that the Hoffmann sign was present in 68% and hyperreflexia in 60%, whereas the Babin- ski sign was seen in only 33%. The higher prevalence of hyperreflexia and the Hoffmann sign with respect to the Babinski sign conforms to findings of several previous investigations. 2, 6, 8 In the present study, however, a comparison of those patients with mild myelopathy and those with severe impairment revealed a previously unrecognized pattern: the Hoffmann sign appears to be detectable in early myelopathy at which point the Babinski sign is rarely present. In conditions of severe myelopathy, however, the incidence of the 2 signs is comparable. We speculate that the "release" of the Babinski sign, known to be a primitive reflex present in the immature nervous system, reflects more severe corticospinal tract impairment than hyperreflexia or the Hoffmann sign and that, for this reason, the Babinski sign is thought to be nearly always associated with a true upper motor neuron lesion and false-positive results are rare. 11 In light of this finding, the Hoffmann sign and hyperreflexia may be particularly useful when assessing patients with early symptoms of cervical myelopathy in whom few objective findings may be present. As is the case with many other maneuvers on the neurological examination, however, the Hoffmann sign and hyperreflexia may not be present in every patient with cervical myelopathy and may also be seen in a certain number of healthy patients, necessitating that the clinician discern patterns of neurological signs and symptoms to establish the diagnosis.
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In this patient series, the Hoffmann sign was noted in a slightly higher percentage of patients than hyperreflexia, 68% compared with 60%. We noticed that in some patients with known diabetic neuropathy, a Hoffmann sign was evident even though deep tendon reflexes were normal or even diminished. We speculate that there may be some patients with hyperreflexia in whom the development of neuropathy may blunt deep tendon reflexes but not eradicate the Hoffmann sign. A study of the physical findings of myelopathy in patients with peripheral neuropathy might serve to clarify this issue.
In the prospective arm of our study, we assessed: 1) the incidence of the Hoffmann sign in patients with lumbar spine-related complaints and no symptoms of cervical spine disease and 2) the extent to which the sign correlated with actual spinal cord compression. The overall incidence of the Hoffmann sign in this population was 12%. The existence of tandem stenosis affecting the cervical and lumbar spine is well documented, with an incidence reported from 5 to 26%. 9, 10 Given that our patients with asymptomatic Hoffmann signs presented with symptoms related to lumbar spine disease, it is readily understood that they would be expected to have an incidence of cervical stenosis higher than that seen in the general population. Thus, the high correlation of the Hoffmann sign with cervical cord compression in this population cannot be extrapolated to other patient groups. Insofar as the Hoffmann sign tends to track the presence of hyperreflexia, the Hoffmann sign may be evident in patients with hyperthyroidism, anxiety states, and other conditions associated with increased deep tendon reflexes. Typically, a systemic cause of hyperreflexia such as hyperthyroidism would be expected to cause bilateral findings, whereas a structural lesion in the brain, for example a tumor, would be expected to cause unilateral findings; thus, it might be expected that a unilateral Hoffmann sign would be more specific for structural disease. 1 Our findings indicated, however, that the presence of a bilateral Hoffmann sign is more likely to be found in the presence of definite cervical spinal cord compression; furthermore, the mJOA scores in surgically treated patients with a bilateral sign were significantly lower than those in patients with a unilateral sign. Perhaps the small size of the spinal cord and spinal canal makes compression much more likely to cause bilateral signs, and perhaps this anatomical fact overwhelms the baseline incidence of bilateral Hoffmann signs due to noncompressive lesions; thus, a bilateral sign is still more specific for cervical cord disease than a unilateral sign.
As with other upper motor neuron signs, the Hoffmann sign may result from lesions above the level of the foramen magnum, but like Sung and Wang 13 we did not order a brain MR imaging study unless patients presented with other signs and symptoms suggestive of cranial disease.
None of the asymptomatic patients with imaging-documented spinal cord compression were initially treated with surgery, but 3 developed symptoms of myelopathy and underwent surgery within 12 months. Our current practice is to continue to follow all such patients at 6-month intervals for routine neurological reexamination, provided that there are no new symptoms to prompt a more urgent reassessment.
We found that the presence of a Hoffmann sign, particularly when bilateral, was useful in identifying patients with occult spinal cord compression. Knowledge of such occult cord compression may be clinically useful in identifying patients who should undergo close office follow-up and may be important as an intubation consideration if these patients need to undergo surgery.
Conclusions
Compared with the Babinski sign, the Hoffmann sign is more prevalent in patients surgically treated for cervical myelopathy resulting from degenerative disease, and it is more likely to be found in patients with less severe neurological deficits. In patients with lumbar spine disease but without symptoms related to the cervical spine, a bilateral Hoffmann sign was a highly sensitive marker for occult cervical cord compression, whereas a unilateral Hoffmann sign correlated with similar disease in about one-half of patients. 
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